A mass outbreak of poisoning occurred in central Taiwan in 1979 due to the ingestion of rice-bran oil contaminated with polychlorinated biphenyls (PCBs), dibenzofurans (PCDFs) and quaterphenyls (PCQs). The incident was called PCB poisoning or Yu-Cheng in Taiwan. The major PCB and PCDF congeners in the toxic oil and in the blood and tissues of the poisoned patients were characterized by gas chromatography and gas chromatography-mass spectrometry using highly efficient glass capillary columns. The levels of toxic agents in the rice oil samples collected from the factory and school cafeterias and the families of the poisoned patients are in the range of 53 to 99 ppm, 0.18 to 0.40 ppm and 25 to 53 ppm for PCBs, PCDFs, and PCQs, respectively. The blood samples of 165 patients collected 9 to 18 months after the onset of poisoning contained 10 to 720 ppb of PCBs, with a mean value of 38 ppb. The blood samples of 10 patients collected 9 to 27 months after poisoning contained 0.02 to 0.20 ppb of PCDFs. Comparative rates of elimination of some PCB congeners from the blood of patients were studied. Various tissues from a patient who died 2 years after poisoning were analyzed for PCBs, PCDFs and PCQs. The intestinal fat contains the highest level of PCBs, while the liver contains the highest concentration of PCDFs. The PCB congeners retained in the tissues either do not have adjacent unsubstituted carbon atoms or have a pair at ortho-meta positions of the biphenyl ring. The major PCDF congeners retained in the tissues were 1,2,3,4,7,8-hexachloro-DF, 2,3,4,7,8-pentachloro-DF and 1,2,4,7,8-pentachloro-DE The former two congeners, especially 2,3,4,7,8-pentachloro-DF, are very toxic PCDFs; they may play important roles in the etiology of Yu-Cheng.
Introduction
The problems of polychlorinated biphenyls (PCBs) and dibenzofurans (PCDFs) have aroused a great deal of concern and interest among scientists and health officials. The first most serious incident of PCB and PCDF poisoning in humans occurred in western Japan in 1968 (1) . The incident was named Yusho by the Japanese. A similar mass outbreak of poisoning occurred in Taichung and Changhwa in central Taiwan in 1979 due to the ingestion of rice-bran oil contaminated with PCBs, PCDFs and polychlorinated quaterphenyls (PCQs) (2) (3) (4) (5) . This incident was called PCB poisoning or Yu-Cheng (oil disease) in Taiwan. The unfortunate incident provided us a rare opportunity to study the toxic agents (PCBs, PCDFs, and PCQs) present in the contaminated oil and retained in the blood and tissues of Yu-Cheng patients. This paper describes the results of our studies on the toxic agents involved in the incident. 
Materials and Methods

Oil, Blood and Tissue Samples
Five toxic rice-bran oil samples were obtained from the school and factory cafeterias and the families of the poisoned patients in Taichung. One sample was collected from the rice oil retail store in Taichung. The cafeterias and families all bought the toxic oil from this oil retailer. Blood samples of Yu-Cheng patients were collected in the hospital ward and the out-patient clinic of the Department of Dermatology, Veterans General Hospital, Taipei, and in patients' homes or work places during the period December 1979 to September 1980. Tissue samples of a deceased patient were kindly given to us by the Food and Drug Bureau of the Republic of China. The patient died about 2 years after the onset of poisoning.
Extraction and Cleanup
The method for the extraction and cleanup of PCBs and PCDFs from the toxic oil and the tissues was essentially the same as that described previously for the toxic oil (3) . A similar method was used for the extraction and cleanup of PCBs from the patients' blood (2) . The method for the extraction of PCQs from the oil and the tissues was the same as that described for the oil (3). The condensed extract was cleaned up by Florisil column chromatography similar to the one used by the Japanese scientists to obtain the PCQ fraction (6).
Gas Chromatographic (GC) Analysis
The PCB, PCDF and PCQ fractions were analyzed by GC equipped with 'Ni-electron capture detector (ECD). 40 44   48  52  56  60  64  68 Time, min FIGURE 1. Gas chromatogram of PCBs in the toxic rice-bran oil obtained from Taichung using a DB-5 fused silica column. Some of the peaks are identified in Table 3 . From Chen et al. (7) .
The columns and GC conditions used have been described elsewhere (2-5,7).
Gas Chromatographic-Mass Spectrometric (GC-MS) Analysis
The PCB, PCDF and PCQ fractions were analyzed by electron impact-GC-MS or negative chemical ionization (NCI)-GC-MS operating in a selected ion-monitoring mode to confirm the identification and to determine the number of chlorine atoms in PCB, PCDF and PCQ. The GC colums and GC-MS conditions used have been described elsewhere (2) (3) (4) (5) 7) .
Results and Discussion
PCBs in the Toxic Oil A gas chromatogram of PCBs in the toxic rice-bran oil obtained from a poisoned patient in Taichung is shown in Figure 1 . In Figure 1 , the number after a hyphen in each peak is the number of chlorine atoms in each PCB peak as determined by GC-MS. The structural assignments of most of the major peaks as well as the percent distribution of each individual PCB components in the toxic oil have been published elsewhere (4,5) (see also (3, 8) . This suggests that if the same amounts of PCBs were ingested by both Japanese and Chinese patients, then it would be expected that higher amounts of accumulative PCBs would be retained in the body of Chinese patients because it is difficult to excrete the highly chlorinated PCBs from the human body.
GC patterns of PCBs in the toxic oil obtained with a SE-30 packed column is similar to that of KC-400/KC-500 (1:1) except that in the front portion of the chromatogram peaks are smaller in the rice oil (3) . This similarity does not mean that the toxic oil was actually contaminated with KC-400 and KC-500, but that it might be contaminated with another PCB preparation that gives a similar GC pattern (3, 5) . The decrease in intensity of early eluting peaks in the rice oil is at least in part due to the evaporative loss of the more volatile PCB components during heating at high temperature. The assumption that PCBs in the toxic oil had been subjected to heating at high temperature is based on the fact that elevated levels of PCQs and, to a lesser extent, PCDFs were found in the toxic oil (see Table 1 ). The formation of the elevated levels of PCQs and PCDFs in the toxic oil is probably due to the heating of PCBs because it had been demonstrated that PCQs and PCDFs can be produced by heating PCBs at high temperature (9, 10) . It was generally believed that PCBs in the toxic oil came from accidental leakage of the heat transfer medium during the manufacturing process in which PCB was presumably used as a heat transfer medium.
Concentrations of PCBs in the toxic oil samples were determined by GC equipped with ECD using a SE-30 packed column (3). The calculation method described by Ugawa et al. (11) was used for quantification of PCBs. The results are shown in Table 1 . This table shows that, with the exception of sample A, which had a high PCB level of 405 ppm, the other five samples contain PCB in the range of 53 to 99 ppm. Sample A was given to us by the Food and Drug Bureau (FDB) of the National Health Administration ofthe Republic of China. According to the FDB's report, this sample contained the highest level of PCB among the 39 samples collected by them at the rice oil retail store from which the patients in Taichung bought the toxic rice oil. The other five oil samples obtained from the factory and school cafeterias and the families of PCB-poisoned patients in Taichung contained much lower levels of PCBs than sample A.
If PCB levels of the five samples (B to F) in Table 1 are representative of the toxic oil ingested by the patients in Taichung, then PCB levels in the toxic oil consumed by the patients in Taichung was only about one-tenth to one-twentieth of that in the Japanese toxic oil (5, 12) . This does not necessarily mean that the Chinese patients in Taichung ingested less PCBs than the Japanese Yusho patients because the former consumed about 15 to 20 times more toxic oil than the latter (13, 14) . A more detailed discussion of the total oil consumption will be described later. The level of PCBs in the toxic oil consumed by the patients in Changhwa is not known, because no toxic oil sample has ever been available for analysis. However, based on the severity of clinical symptoms for the patients in Changhwa and the blood PCB analysis which showed that the patients in Changhwa had in general higher PCB levels than those in Taichung, one can presume that the toxic oil ingested by the patients in Changhwa contained higher levels of PCB than that consumed by the patients in Taichung (3, 5) .
PCDFs in the Toxic Oil
A gas chromatogram of PCDFs in the toxic oil obtained from Taichung is shown in Figure 2 . In this figure, all of the major peaks except peaks A and B are 
Estimate of Amounts of the Toxic Agents Ingested by the Patients
The amount of toxic oil consumption by 98 patients from four patient groups was estimated on average as 1.02 to 1.55 kg/month for adults (13) . The period of toxic oil ingestion was about 9 months (13) . From these data, the total amount of toxic oil consumption by an adult for these patient groups is estimated on average as 9 to 14 kg. This is about 15 to 20 times the average total oil consumption by the Japanese Yusho patients which was estimated at 688 mL (14) .
An accurate estimation of total PCBs, PCDFs and PCQs intake by Yu-Cheng patients is difficult. However, it could be estimated roughly by the assumption that the concentrations of these toxic agents in the oil (see Table 1 ) which was collected for analysis at the end of a 9-month period of toxic oil taken represent the concentrations of these toxic agents in the oil taken in the whole 9-month period. Based on this assumption, the average toxic agents intake for these patient groups was estimated at 973 mg, 3.8 mg and 586 mg for PBs, PCDFs and PCQs, respectively. These values are comparable to 633 mg, 3.3 mg and 596 mg estimated for the Japanese Yusho patients for PCBs, PCDFs and PCQs, respectively (14) .
PCBs in the Blood of Yu-Cheng Patients
The blood PCB levels of 165 Yu-Cheng patients sampled about 9 to 18 months after the onset of poisoning were in the range of 10 to 720 ppb with a mean value of 38 ppb (5). The distribution of blood PCB levels of these patients is shown in Table 2 . The blood PCB levels of these Yu-Cheng patients are much higher than those of the Japanese Yusho patients, which had a mean PCB (2) . Another factor which is attributable to the difference is that the Taiwanese toxic oil contains a larger percentage of highly chlorinated PCBs which would be retained in the human body for a longer time (2) . A few laboratories in Taiwan have been engaged in blood PCB analysis since the outbreak of Yu-Cheng. A large range of variation in the blood PCB levels has been reported by these laboratories. Factors that contribute to the difference or discrepancy include analytical techniques involved, difference in patient groups (for instance, in the early stage of poisoning patients from Changhwa generally had much higher blood PCB levels than those from Taichung), and time of sampling blood for analysis.
Rates of Elimination of PCBs from Blood
The toxic oil ingested by the patients contained PCBs with three to eight chlorine atoms. These PCBs components are metabolized and eliminated from the patient's body at different rates, depending on the number and position of chlorine substitutions. We studied the changes in the concentration of individual PCB isomers and congeners in the blood of a given patient at different times during the post-poisoning period. This had enabled us to investigate the comparative rates of elimination of some individual PCBs from the blood of patients. The results of this study were published recently (4) and are reproduced in Table 3 . The results indicate that most of the hexa-and heptachlorobiphenyls PCBs with five or fewer chlorine atoms were almost completely excreted from the patient's tissue about 2 years after the ingestion of the toxic agents. In contrast, most of the PCB congeners with six or more chlorine atoms were still retained in the tissue. The concentrations of major individual PCB congeners retained in various tissues are shown in Table 4 . As reported in our study on the blood of Yu-Cheng patients (4) and described above in this paper, these very slowly eliminated PCB congeners either do not have adjacent unsubstituted carbon atoms in the biphenyl ring or have a pair of adjacent unsubstituted carbon atoms at ortho-meta positions but not at meta-para positions.
Relationship Between the Severity of Dermatological Signs and the Blood PCB Levels
.so th5
The severity of dermatological manifestations of 79
terns of PCBs in Yu-Cheng patients was graded from I to IV according 'able 4) are ver to the method described by Goto and Higuchi (16) . The here A compar-y concentrations of total PCBs and 2,3,4,5,2',4',5'-heptarith the exception chlorobiphenyl (peak 21-7 in Fig. 1 ) in the blood of these i , 9-4-a and 15-5, patients were determined and used to correlate with the severity of skin signs. A significant positive correlation (r = 0.553, p<0.01) was observed between the severity of skin signs and the concentration of the heptachlorobiphenyl. A smaller correlation coefficient was obtained (r = 0.407, p < 0.01) when the levels of total PCBs in the blood were used for correlation.
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The reason that a higher correlation was obtained for Table 1 ).
PCDFs Retained in the Tissues
PCDFs retained in the tissues of a patient who died 2 years after poisoning was published recently (7) . Figure  4 Table 5 ).
In agreement with the findings by other workers in the study of Japanese Yusho patients (17), we found that all PCDF congeners that were retained in the patient's tissues had no vicinal hydrogens in the dibenzofuran ring (7) . In contrast, all PCDF congeners that were excreted from the patient's body had at least two vicinal hydrogens in the ring (7). These excreted PCDF congeners include 2,3,4,8-TCDF, 1,2,3,4,8-PnCDF, 1,2,6,7,8-PnCDF, 2,3,4,6,7-PnCDF and 1,2,3, 4,6,7-HxCDF which correspond to peaks 3, 6, 7, 9, and part of 10 in Figure 2 , respectively.
The levels of three major PCDF congeners in the tissues were given in Table 5 . This table shows that the concentration of PCDFs in the liver is about three times as much as in the intestinal fat, whereas the levels of PCBs in the liver is only about 1/17 of that in the intestinal fat (see Table 4 ). This high accumulation of PCDFs in the liver has been reported by other workers in an animal study (18) as well as for Japanese Yusho patients (19 (20) . This PCDF, along with 2,3,4,7,8-PnCDF (8), could play important roles in the etiology of Yu-Cheng. 
PCDFs in the Blood
PCDFs in the blood of 10 patients were analyzed by NCI-GC-MS. The blood samples were collected 9 to 27 months after the onset of poisoning. The total PCDFs in the blood of 10 
PCQs in the Tissues
The tissues from the deceased patients were also analyzed for PCQs. The bronchus and the intestinal fat were found to contain high levels of PCQs, amounting to 4.3 ppm and 3.8 ppm, respectively. The large intestine and the heart also contained high levels of PCQs.
3,4,3' ,4' -Tetrachlorobiphenyl 3,4,3',4'-Tetrachlorobiphenyl is considered to be the most toxic PCB present in commercial PCB preparations (21) . This tetrachlorobiphenyl was found in the toxic oil in the amount of about 1.0% of total PCBs in the oil (5) . This toxic PCB component was also found in both blood and an adipose tissue (biopsy) of a patient sampled about 10 months after the onset of poisoning or 1 to 2 months after stop taking the toxic oil. However, this toxic PCB was not detected in the blood of most of the patients nor was it found in the intestinal fat of a patient who died about two years after the poisoning (5) . This suggests that 3,4,3',4'-tetrachlorobiphenyl can be metabolized and excreted from the body. This is in agreement with the result of an animal study (21) .
